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The preliminary design of an overflow spillway a t  the c res t  of the 
dam and a slide-gate-controlled outlet works near the dam base was 
abandoned because of undesirable flow conditions in the stilling basin 
resulting from high velocity efflux from the outlet works. Ari al ter-  
nate design, consisting of four fixed-wheel gate-controlled outlets 
near the dam cres t  and a small  outlet works near the base, was rec-  
ommended followinn several  modifications. A 1:24 scale model 

ABSTRACT . 
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-<was used in develop'&g the design of the spillway and to  determine 
the hydraulic operating characteristics of the recommended freefall 
orifice-type spillway, slide-gate controlled outlet works, and tail- 
race  channels of the underground powerplant. Comprehensive data 
were obtained concerning pressure distribution in  the spillway con- 
duits and bellmouth entrances, on the stilling basin floor, and on the 
stilling basin weir. 'Minor modifications were made t o  the topography 
in the tailrace a rea  to improve flow conditions during large spillway 
discharges. The stability of r iprap protection w a s  determined, and 
tes ts  were mgde concerning movement of material in the stilling pool. 
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6 .  Pressures  observed on the upstream face of the weir reflected the 
n from hydrostatic. due to impact. Figure 32, and were used in 
ctural design of the weir. Pressures  on the, downstream face 

rgence, measu 
10 feet for the 





a1 and Architectural Branch and the Mechanical Branch who made 
quent visits to the laboratory and offered many helpful suggestions. 
o, many foreign and domestic visitors observed the model through- 

course of the study. Photographywas by W. M. Batts, Office 
s Branch. i 

INTRODUCTION 

a1 Dam, tlownstream from Morrow Point. 



The preliminary design of t h e  spillway and outlet works which provided 
a basis for the first  model tests, consisted of a free overflow spillway 
at the dam crest with a discharge capacity of 19,500 second-feet, and a 
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THE MODXL 



THE INVESTIGATION 

The investigation w a s  initiated to  determine the hydraulic charac- 
terist ics of the preliminary design. Following abandonment, of t&s 
design, the model aided in the development of the alternate scheme 
and.provided information a s  t o  the operating characteristics of the 
recommended design. 
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The Preliminary Design 



not be moved farther downstream because it would interfere with 
the powerplant tailrace, and the powerplant location could not be 
changed because of economic and geologic considerations. Other 
modifications of the preliminary design to achieve satisfactory 
operation, such as widening o r  deepening the basin, were con- 
sidered impracticable. Therefore, the preliminary design of the 
outlet works and the overflow spillway was abandoned and an entirely 
new-concept was proposed. 

The Alternate Design 

' The alternate design consisted of four 15-foot-square conduits with 
their inverts at elevation 7123. All four conduits discharged hori- 
zontally. The maximum design reservoir elevation was lowered to 
elevation 7165. Thus, the centers of the fixed-wheel gates control- 
ling the discharge were submerged 34.5 feet. The stilling basin 
design, including the weir, remained the same a s  at the completion 
of tests on the preliminary design. The four conduits, which will 

reafter be referred to as the spillway, were designed to have the 
me capacity a s  the combined total discharge of the preliminary 
illway and outlet works, o r  38, 500 cfs. In reality, the model in- 
cated that the spillway had a dlschaiage capacity of approximately 
0, 000 cfs, at the maximum reservoir elevation. 



though the deflecting hoods resulted in satisfactory flow conditions, 
e i r  inclusion in the recommended design was impractical because 

.for several corn 



ressures exhibited negligible fluctuation. 

on the 'floor 



1 data indicatedthat the revised design wouldprovide 
ctory operation, i t  was decided to include additional details to 
'urately evaluate the hydraulic performance of the structure.  

lant tailrace ~hannk l s . and .&~~or t i6h  o 



ince the actual~inflow design flood peaks at  about 41, 100 o r  
6 0 0  c f s l e s s  than the above indicated capacity, i t  couldbe released 

therefore"not included in the model test  

. - -Ear l ie r tes t s  

reased withian increase i n  depth, 
hich were noted previously. 

n the stilling basin floor wer 
maximum spillway capacity 



with the outside gates operating alone, Figure 21G. These impact 
pressures  fluctuated at  a frequency of about 3 to  5 cycles per second 
over a maximum range of approximately 100 feet of water. 

Flow conditions in the powerplant tailrace. --The extreme turbu- 
lence which occurred in the stilling basin for spillway discharges 
greater  than approximately 26,000 cfs resulted in large  waves and 
surges which were carried downstream to the powerplant tailrace, 
as shown in Figure 19B. The topography surrounding the tailrace 
channels was subjected to sudden large impact forces because of 
these flow condition;. Also, there was a drawdown in the water 
surface at  the downstream end of the left bank of the left tailrace 
channel during operation of the powerplant alone, Figure 22A. The 
tailrace topography was modified to alleviate the possibility of the 
rock being dislodged by these flow conditions and falling into the 
ai lraces . The a rea  between the tailraces was shortened and rounded 
o eliminate thin sections, Figure 22B. The -right bank of the right 

tailrace channel was shortened and rounded and the left bank of the 
left tailrace channel was rounded, Figure 22B. 

The relatively narrow entrance to the improved channel downstream 
from the weir acted a s  a control section,' causing high tailwater im-  
mediately downstream from the weir  and a drop in the water surface 
at  the control section, Figure 23. The right channel bank, which is 
a t a l u s  slope inlthe prototype, was excavated in an attempt to allevi- 
ate the backwater condition. Figures 24 through 27 show flow condi- 

ons immediately downstreamfrom the weir and in the stilling basin. 
excavationresulted in the control section being moved farther 

ween the tai1race:ch 
ve action in the le f t  



maximumdesign discharge. A 4-foot-high floodwall around the visi tors '  
center was also tested, Figure 31. The floodwall protected the a r ea  
from inundation for spillway discharges below approximately 26, 000 cfs.  
At 26. 000 cfs, minor infrequent splashing over the wall occurred. At 

i l a r  to those shown in Figures 20 and 21  and the'previous discussion 

.... ~. ., 



mediately downstream. ~hree-foGrths design discharge showed sim- 
i l a r  results with more material swept out of the basin, Figure 35D. 
The design discharge resulted in essentially complete, removal of a l l  

was noted. No further movement was observed after 1 hour operation 
at either one-half o r  three-fourths design discharge. After 1 hour 
operation at  the design discharge (34,400 cfs), several  pieces were re -  
moved from the upstream left corner of the r iprap layer and material 
along the right side of the layer was washed toward the center of the 
layer.  No &material was observed to move into the tailrace. The rock 
used in the model had a maximum size of 2 to 3 inches, which is repre- 
sentative of the specified prototype material, with a maximum dimen- 
sion of 5 feet. 

Movement of rock in the stilling basin. --The possibility exists that 
rock from the cliffs above the stilling basin could f d l  into the basin 
and cause abrasive damage during operation of the spillway. A se r ies  
of tests  was made to determine movement of material in the basin for 
several spillway discharges. Material of the same size used in the 
r iprap test was placed in the bottom of the stilling basin and sections 
were identified with white spray paint, Figure 35A.  The model was 
operated for 1 hour for each of the discharges used for the riprap 
test, and for operation of the outlet works alone with no spillway 
discharge. 

Independent operation of the outlet works caused no movement of the 
rock material. After symmetrical operation of al l  gates a t  one-fourth 
design spillway discharge, the material remained relatively stable 
except in the impact zone of the jets. The material was piled imme- 
diately downstream from the impact zone, Figure 35B. Figure 35C 
shows that with one-half design discharge, material was swept against 
the weir .  Some material was swept over the weir and deposited im- 



.,voir dropped so that a f ree  water surface existed through the con- 
'-'duits. The lower reservoir  elevation resulted in a decreased dis- 

charge and the reservoir  elevation incl-eased until the conduits again 
flowed full. This cycle,was repeated and resulted in a periodic surging 
with a frequency of about one surge per second. Such a condition could 
cause undesirable flow conditions in the conduits and vibration in the  
gate mechanisms. With one inside gate closed about25 percent, surg- 
ing was eliminated in that conduit but continued in the other inside con- 
duit. By closingone of the outside gates to increase the reservoir  
elevation, surging was stopped in both inside conduits when the  water 
surface rose 2 to 3 feet (prototype) above the top of the entrances. 
Similar surging was noted in the outside conduits with the water sur -  
face near the top of the outside entrances, and was eliminated by a . '' 
gate closure of about25 percent. The surging condition is a function 
of the conduit geometry and a critical reservoir  elevation and can be 









APPENDIX 

The subject computer program was written for the purpose of calcu- 





I F  ADDITIONAL DATA ARE 
NOT AVAILABLE, PROGRAM 
TERMINATES. 

READ RUN NUMBER, 
PIEZOMETER NUMBER, r - i  CALIBRATtoN. SENSITIVITY. . 

COMPUTE 
MULTIPLICATION 

FACTOR 

MAXIMUM 

COMPUTE 

PRESSURE 









































1 -Original confi@rntion. A11 four 
conduits horizontal. 

2 - First  modification. Original bellmouth 
tipped 27' downward. 

3 and 4 - Recommended configuration. No. 4 
conduit horizontal with original bellmouth. 
No. 3 conduit tipped 21' downward with 
modified bellmouth. Upstream face of 
dam installed. 
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MORROW POINT DAM 
SPILLWAY AND 0 l r w . m -  wnaur - - - --- A .. -..*xu 

1:24 Scale Mod31 

Modifications to the Spillway Entrances 





A. Spwy. Q = 20.000 C i s  
0. W. Q = 1,500 c f s  
P. P. Q = 5.200 CIS 

B. Spwy. Q = 40. DO0 cfs  
o. w. Q = I, soo cis 
P.P. Q = 5.200 cfs  

MORROW POINT DAM 
SPILLWAY AND OUTLET WORKS 

124 Scale Model 

Revised Alternate Design 
Stilling Basin and Tailrace Flow Conditions 







A. Before streamlining 

B, After streamlining 

Powerplant Discharge = 5.200 c f s  

MORROW POINT DAM 
SPILLWAY AND OUTLET WORKS 

1:24 Scale Model 

Revised Alternate Design 
Tailrace Topography Before 

and Aftcr Streamlining 



FIGURE 23 
REPORT HYD-557 





FIGURE 25 
REPORT HYD -551 



FIGURE 26 
REPORT HYD-557 





Looking upstream. 





Spwy. Q = 8,600 cis 
0. W. Q = 1,500 CIS 
P. P. Q = 5,200 cis 

Spwy. Q = 34.400 cfs 
0. W. Q = 1,500 cis 
P. P. Q = 5,200 cis 

















A. Spillway Q = 40,000 cfs ,  gates 100% 
open. reservoir at clevation 7165. 

B. Spillway Q = 25,800 c i s ,  
reservoir at elevation '7160. 

MORROW POINT DAM 
SPILLWAY AND OUTLET WORKS 

1:24 Scale Model 

Recommended Design 
Reservoir Flow Patterns 



FIGURE 38 
REPORT HYD-55'7 

A. Spwy. 4 = 40. OOL! cfs 
0. W. Q = 1,500 c f s  
P.P. Q = 5 ,200c l s  

B. Spwy. Q = 34,400 c f s  
O.W. Q =  L,SOOcfs 
P.P. Q = 5,200 c fs  

C.  Spwy. Q = 25.800 c fs  
O.W. Q = 1,SOOcfs 
P. P. Q = 5.200 ck  . . 

MORROW POINT DAM 
SPILLWAY AND OUTLET WORKS 

1:24 Scale Model 

Recommended Design 
Symmetrical Spillway Operation 



FIGURE 39 
REPORT HYD-557 

A. Spwy. Q - 17,200 c i s  
0. W. Q = 1,500 c fs  
P.P. Q = 5.200 cfa 

B. Spwy. Q = 8.600 cls 
0. W. Q = 1.500 cfs 
P. P. Q = 5,200 CIS 

MORROW POINT DAM 
SPILLWAY AND OUTLET WORKS 

194  Scale Model 

Recommended Design 
Symmetrical Spillway Operation 



A. Powerplanl Q = 5,200 c f s  

B. Outlet works Q = 1,500 cfs 
Powerplant Q = 5.200 c f s  

MORROW POINT DAM 
SPILLWAY AND OUTLET WORKS 

1:24 Scale Model 

FIGURE 40 
REPORT HYD-557 

Recommended Design 
Powerplant Operating Alone, and 

Outlet Works and Powerplant Operating 



FIGURE 41 
REPORT HYD-557 

Spwy. Q = 17,200 c f s  
0. W. Q = 1 .500  cfs Al l  photos 
P . P .  Q = 5,200 cfs 

MORROW POINT DAM 
SPILLWAY AND OUTLET WORKS 

1:24 Scale Model 

Recommended Design 
Symmetrical and Asymmetrical  Spillway Operation 



Spwy. Q = 17.200 cis 
0. W. Q = 1,500 cis A11 photos 
P . P .  Q = 5.200 cfs 

MORROW POINT DAM 
SPILLWAY AND OUTLET WORKS 

1 2 4  Scale Model 

Recommended Design 
Asymmetrical Spillway Operation 



FIGURE 43 
REPORT HYD -557 

Spwy. Q = 0 , 6 0 0  cfs 
.Z. W. Q = 1 ,500  CIS All photos 
P.  P. Q = 5,200 cfs 

MORROW POINT DAM 
SPILLWAY AND OUTLET WORKS 

1:24 Scale Model 

Recommended Design 
Asymmetrical Spillway Operation 



FIGURE 44 
REPORT HYD-557 

Spwy. Q - B. 600 c f s  
O.:r$, Q = 1.500 cfs 1\11 photos 
P. P. Q = 5.200 cis 

MORROW POINT DAM 
SPILLWAY AND OUTLET WORKS 

1:24 Scale Modcl 

Recommended Design 
Asymmetrical Spillway Operation 







. . 

~ 

"ABSTRACT ABSTRACT 

The preliminary design of an overflow spillway a t  the cres t  of the  
dam and a slide-gate-controlled outlet works near the dam base was 
abandoned because of undesirable flow conditions in the stilling basin 
resulting from high velocity efflux from the outlet works. An alter-  
nate design, consisting of four fixed-wheel gate-controlled outlets 
near the dam cres t  and a small outlet works near the base, was r ec -  
ommended following several  modifications. A 1 2 4  scale model 
was used in developing the design of the spillway and to determine 
the hydraulic operating characteristics of the recommended Ireefall 
orifice-type spillway, slide-gate controlled outlet works, and tail- 

Comprehensive data race channels of the underground powerplant. Comprehensive data 
in the spillway con- were obtained concerning pressure distribution in the spillway con- 

asin nwr, and on the duits and bellmouth entrances. on the stilling basin floor. and on the 
made to the topography stilling basin wein,-- Minor modifications were made to the topography 

in the tailrace arb$ to improve now conditions during large spillway 
was determined, and discharges. The stability of r iprap protection was determined, and !) 

r ial  in the stilling pool. tests  were made concerning movement of material in the stilling pool. 
recommended design Operating characteristics of al l  features of the recommended design 

were observed. 

. .  ~ . . , , . . .  ~~. .~~ 

ABSTRACT 

The preliminary design of an overnow spillway a t  the cres t  of the 
dam and a slide-gate-controlled outlet works near the dam base was 
abandoned because of undesirable flow conditions in the stilling basin 
resulting from high velocityefflux from the outlet works. An a l ter -  
nate design, consisting of ftiur fixed-wheel gate-controlled outlets 
near the dam cres t  and a small outlet works near the base. was ree-  
ommended following several  modifications. A 1:2$ scale model 
was used in developing the design of the,spillway and to determine 
the hydraulic operating characteristics of the recommended freefall  
orifice-type spillway, slide-gate controlled outlet works, and tail- 

derground powerplant. Comprehensive data race channels of the underground powerplant. Comprehensive data 
ng pressure distribution in the spillway con- were obtained concerning pressure distribution in the spillway con- 
rances.'on the stilling basin floor, and on the duits and bellmouth entrances, on. the,stilUfig basin Bwr.  and on the 
inor modifications were made to the topography: stilling basin weir. Minor modifications were made t o  the topography 
improve flow conditions during large spillway in the tailrace area  to improve flow conditions during large spillway 
lity of riprap protection was determined, and ', discharges. The stability of r iprap protection was determined. and 
rning movement of material in the stilling pool. tests  were made concerning movement of materlal in the stilling pool. 
ics  of a l l  features of the recommended design Operating characteristics of al l  features of the recommended design 




